The absorption spectra of twenty-one flavones including glycosides of apigenin, luteolin, chrysoeriol and tricin, nonacylated or acylated with coumaric, ferulic or sinapic acids, were examined to document the influence of acylation on their spectral characteristics. Acylation did not shift the absorption maximum of band II, but the molar absorption coefficients of this band increased 1.3-2.0 fold. Acylation of apigenin and chrysoeriol glycosides did not shift the absorption maximum of band I and the absorption maxima of nonacylated and acylated compounds were at 319-334 nm, but this increased their molar absorption coefficients 1.7-3.0 fold.
Reports have documented that plants can accumulate p-coumaroyl acylated flavonols with absorption maxima at 315 nm [1] [2] [3] . Such acylated flavonols accumulated in the epidermal layer [4] can provide good protection for the photosynthetically active mesophyll of Scots pine seedlings against UV radiation [5] .
Acylation of flavonoids with a variety of aliphatic (acetic, malonic) and aromatic (p-coumaric, caffeic, ferulic) acids result in structurally diverse flavonoids. Acyl groups can play a significant physiological function in plants by influencing the spectral, complexation and antioxidant properties of acylated flavonoids [6, 7] . In the case of anthocyanidins, which are responsible for the color of flowers, aromatic acylation protects pigment chromophores against hydrolytic enzymes.
However, the possible influence of acylation on these properties is still not sufficiently documented due to the lack of appropriate standards. Recently, a number of flavones and their acylated derivatives has been isolated and identified from alfalfa (Medicago sativa L.) [8] [9] [10] . In the present study we report on changes in the absorption spectra of flavones resulting from their acylation with hydroxycinnamic acids.
Alfalfa aerial parts contain a quite unique set of flavones including glycosides of apigenin, luteolin, chrysoeriol, methyltricetin and tricin ( Figure 1 ). Out of twenty-two glycosides identified, thirteen are acylated in the sugar portion with ferulic, coumaric or sinapic acids. Moreover, this acylation takes place on glucuronic acid, which is the only sugar component present in glycosidic chains attached at C-7 or/and C-4' of the aglycone. Out of this set of flavones six structurally related groups can be distinguished. Each group contains glycosides and their corresponding acylated analogues. These groups include apigenin glycosides with sugars substituted at C-7 (group I), apigenin glycosides with sugars at C-4' (group II), apigenin glycosides substituted with sugars both at C-7 and C-3 (group III), luteolin glycosides substituted at C-7 (group IV), chrysoeriol glycosides substituted at C-7 (group V) and tricin glycosides substituted at C-7 (group VI). Methyltricetin (22) was not researched, as only the nonacylated form was available.
The spectral characteristics of these groups are presented in Table 1 . It was shown that in general there was no shift in band II (261-272 nm) observed in acylated compounds as compared to non-acylated analogues. However, acylation increased the values of molar absorption coefficients of band II between 1.3 and 2.0 times, as compared to nonacylated compounds.
Acylation of glycosides influenced both band I and band II to different degrees. For band I, shifts in the maximum of absorption in some groups (IV and VI) and the changes in molar absorption coefficient were observed. For apigenin glycosides (groups I, II and III) and chrysoeriol (V) glycosides there was no substantial shift of absorption maximum in band I and this ranged between 314-334 nm depending on the compound and on the structure of the acylating acid. But their molar absorption coefficients substantially increased by 1.73, 2.9, 2.18 and 2.59 fold, respectively. Different effects were observed for luteoline glycosides for which the absorption maximum of band II for the nonacylated form was at 242 nm. Acylation shifted the maximum to the UV-B range of 329 nm. At the same time the molar absorption coefficient for this band increased 1.81 fold. A similar situation was observed with tricin glycosides (VI). Two nonacylated glycosides had absorption maxima at 346 and 349 nm, while after acylation the maximum shifted to 323 nm (acylation with coumaric acid), 333-334 nm (acylation with ferulic acid) and 340 nm (acylation with sinapic acid). At the same time the molar absorption coefficient increased 1.58 times in the acylated flavones.
The presented data show that acylation of flavones with hydroxycinnamic acids always leads to an increase of absorption in the UV-B range. If the nonacylated compound has an absorption maximum at a longer wavelength (over 340 nm), acylation leads to a shift of maximum to the UV-B range (around 320 nm).
-OCH 3 -OH -OH -OgluA *** Acylation also results in substantial (1.58-2.9 times) increase in molar absorption coefficients of band I. These changes in band I spectral characteristics may be one of the mechanisms to protect plants against damaging UV-B radiation. As shown previously with
Arabidopsis mutants both flavonoids and other phenolic compounds play important roles in vivo in plant UV-B protection [11, 12] . These data fully support the findings of Schnitzler [4] and Turunen [5] indicating a special function that the acylated flavones can play in UV-B protection. Alfalfa seems to be a quite unique plant species in this respect. It contains a number of acylated glycosides, and their concentration in the plant is quite high [13] . We suggest that this plant could be recognized as an interesting model for studying UV-B protection mechanisms.
Experimental
Twenty-one structurally divergent flavones previously isolated and identified from alfalfa aerial parts [8] [9] [10] were used in this study (Figure 1 ). Stock solutions of individual compounds were prepared at concentrations of 1 mg/mL. Compounds 1-12 were dissolved in MeOH, while compounds 13-21, due to poor MeOH solubility, were prepared in MeOH-DMSO (1:1) solution.
Aliquots of 50, 40 and 30 μL of each stock solution were diluted to a final volume of 2 mL with MeOH, and their spectra were measured against a blank sample of the appropriate solvent. Measurements were performed on a Hewlett-Packard HP 8453 UV-Vis spectrophotometer equipped with Advanced ChemStation software. The molar absorption coefficients ∈ (1 mol -1 cm -1 ) at two maxima were calculated from Beer-Lambert Law A=∈cd, where: A is absorbance at one of two maxima, ∈is molar absorption coefficient, c is analyte concentration (mol l -1 ) and d is cell path length (cm). Measurements were performed for three concentration of analyte, and two repetitions for each concentration and the average values (± S.D) were calculated.
